The deep-sea environment is a sink for a wide variety of contaminants including heavy metals and organic compounds of anthropogenic origin. Life history traits of many deep-water fish species including longevity and high trophic position may predispose them to contaminant exposure and subsequent induction of pathological changes, including tumour formation. The lack of evidence for this hypothesis prompted this investigation in order to provide data on the presence of pathological changes in the liver and gonads of several deep-water fish species. Fish were obtained from the north east region of the Bay of Biscay (north east Atlantic Ocean) by trawling at depths between 700 to 1400m. Liver and gonad samples were collected on board ship and fixed for histological processing and subsequent examination by light microscopy. Hepatocellular and nuclear pleomorphism and individual cases of ovotestis and foci of cellular alteration (FCA) were detected in black scabbard fish (Aphanopus carbo). Six cases of FCA were observed in orange roughy (Hoplostethus atlanticus) (n=50) together with a single case of hepatocellular adenoma. A wide variety of inflammatory and degenerative lesions were found in all species examined. Deep-water fish display a range of pathologies similar to those seen in shelf-sea species used for international monitoring programmes including biological effects of contaminants. This study has confirmed the utility of health screening in deep-water fish for detecting evidence of prior exposure to contaminants and has also gained evidence of pathology potentially associated with exposure to algal toxins.
Introduction 48
Growing interest in fisheries resources and ecosystems of the continental slope is 49 concomitant with depletion of exploitable stocks within continental shelf and inshore zones. can be used to assess the health impacts of parasitism. Such an approach has the benefit of 62 being able to detect other pathologies which may include toxicopathic changes resulting from 63 exposure to anthropogenic contaminants, and other idiopathic lesions of potential detriment 64 to fish health (Stentiford et al. 2009 ).
65
It is well known that the deep-sea environment acts as a sink for contaminants including 
77
The presence of liver tumours and related lesions are recognised as indicators of previous 78 contaminant exposure (Myers et al., 1991 (Myers et al., , 1994 (Myers et al., , 2008 
numbers of BSF (n=32), ORY (n=50), GFB (n=36), BRF (n=32) and a smaller number of 125 RNG (n=12), were obtained for biological sampling, disease and histological evaluation. 
Results

155
The liver of each of the species displayed a trabecular arrangement of hepatocytes and the
156
presence of structures such as bile ducts and blood vessels. However, depending on the
hepatocytes less apparent. A variety of pathological changes in the liver (Table 1 ) and gonad 160 were seen and are described in the following sections according to fish species. with small MA ( Figure 3D ). In 2 fish, hepatocytes were depleted of storage material and were 232 strongly basophilic. In these cases, MA were enlarged and constituent cells were themselves 233 vacuolated ( Figure 3E ). All gonads from BRF and RNG appeared normal. 
Discussion
245 Interest in exploitation of slope fish stocks has led to established fisheries for several species.
246
The species studied here are commercial benthopelagic fish (inhabiting the first few tens of 247 meters above the seafloor, in depths >200m). The deep-sea environment is the ultimate sink either anthropogenic or natural, was a factor in the genesis of the current case is unknown.
361
One case of putative triploidy was detected in the gadoid GFB. Whilst initial appearance of presence of toxicopathic effects, particularly in the liver could be expected in other species 380 not examined in the present study.
381
Our results suggest that deep-water fish display pathologies that are likely to be caused by 382 their anthropogenic metal and organic contaminant burdens and via exposure to algal toxins.
383
The species studied cover a range of life history traits, including different mobilities, feeding 384 strategies and behaviour; however, all are high trophic levels predators (Lorance et al., 2006).
385
The sampling area is not expected to be one receiving particularly high anthropogenic 
